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Abstract 
LiCoO2 as one of cathodes in lithium ion battery was prepared using ball mill on 800 Hz for 10 h, followed by ultra-
sonic process in order to form LiCoO2 nanoparticle. Poly(vinyledene fluoride) PVDF was added into LiCoO2 
nanoparticle using dimethylsulfoxide (DMSO) to form LiCoO2/PVDF composite. The addition of PVDF was able to 
fill the voids on LiCoO2 matrix, therefore the space gap between particles in the matrix could be eliminated. The 
morphology, crystal structure and composite conductivity of LiCoO2/PVDF were analysed using scanning electron 
microscope (SEM), X-ray diffraction (XRD) and conductivity meter. The results showed that LiCoO2 with PVDF had 
bigger conductivity value than LiCoO2 without PVDF. 
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1. Introduction 
Lithium ion battery is a key component for various electronic devices, especially the portable ones.  
The lithium ion battery was chosen among other batteries due to its higher energy density and load 
voltage compare to other secondary batteries. The materials of electrode used in lithium ion battery has to 
be able to accommodate Li ion in its structure. Therefore, the electrode has to have ion conductivity and 
electronic conductivity to facilitate the penetration of Li ions. The lithium oxide transition metals have the 
mentioned characteristics, with low electronic conductivity. Those metals such as LiCoO2, LiNiO2 and 
LiMn2O4 have been studied as materials for cathode. Among those cathodes, LiCoO2 has been used as 
cathode since 1990 [1].   
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LiCoO2 is commonly used as oxide in lithium ion based battery because it is easy to be prepared 
compare to other oxides. The method commonly used in LiCoO2 preparation is the solid state reaction 
which needs to be conducted under high temperature and long hour treatment. The other methods known 
are sol-gel process, complex formation reaction, dry synthesis, hydrothermal and mechano-chemical 
synthesis [2-6]. 
On the other hand, to increase charge-discharge rate and active period of Li ion battery, electro-
conductive additive was added to the battery. The increase of charge-discharge rate and active period was 
related to carbon particulates conductivity. Hence, acetylene black, carbon nanotubes and graphite were 
added to Li ion. However, the using of electro-conductive additive caused energy density and power in 
electrode being reduced [7-9]. Therefore, to reduce the inert mass and to increase cathode electrochemical 
performance, few researches suggested to use or and to add electro-conductive matrix such as polymer, 
metal particles, and metal fibre on electrodes [3]. 
On the other hand, if non-conductive metal oxide is used as the main component of lithium ion 
battery, then conductive polymers are needed as additive to binding particles of the metal oxide. Among 
them is polypyrrole that acts as a binder and also conductor where the preparation process of polypyrrole 
addition to electrode is relatively easy and simple. For example is the effect of polypyrrole smeared onto 
LiMnO2 electrode as protection to fading capacity due to temperature. Therefore, conductive polymer can 
be used to construct conductivity percolation between active material particles and their composites so 
that electro-conductivity from electrode can be reduced to ensure optimum power for the electrode [8]. 
Based on the explanation mentioned, the purpose of this research is to study the effects of the addition of      
poly(vinyledene fluoride) PVDF to conductivity of LiCoO2 nanoparticles as a candidate of electrode 
materials of lithium based battery.  
2. Experiment 
The main material used in this research was commercial LiCoO2 powder from Adrich Co. Ltd., which 
had been prepared firstly to form LiCoO2 particles in nanometer size. The method used in the preparation 
was the milling planetary method on 800Hz of frequency for 10 h using HEM-Mixer PW 700i, followed 
by sonication method on 50 Hz for 2 h.   
PVDF was dissolved in dimethylsulfoxide (DMSO) solvent using magnetic stirrer at temperature of 
70-80 qC. PVDF was then added to LiCoO2 nanoparticles to form compositions of 5, 10, 15 and 20% v/v. 
Each PVDF-contained LiCoO2 was then dried at 150 qC in vacuum condition.   
The pure LiCoO2 nanoparticle powder without PVDF addition was characterised using scanning 
electron microscope (SEM-JEOL JEM6510LA), while each LiCoO2-x% PVDF (x = 5, 10, 15 and 20% 
v/v) was analysed to investigate the crystalline phase, morphology, and its composition using X-ray 
diffractometer (XRD Philips PW1710) and scanning electron microscope-energy dispersive X-ray (SEM-
EDX). Parts of x% v/v PVDF-LiCoO2 were compacted under 100 MPa for 10 sec, which meant to study 
their conductivity characteristic using LCR Hi Tester (HIOKI 3532-50). 
3. Results and Discussion 
The observation using SEM onto LiCoO2 powder and the refining results using milling technique 
followed by sonification are shown on Figure 1. SEM micrographs showed the shape of LiCoO2 nano-
particles. The exact size could not be determined from its size due to agglomeration appearance of 
LiCoO2 particles. However, observing the micrographs from LiCoO2 particles (Figure 1a), the size of 
LiCoO2 particles was at range of 75200 nm. Figure 1b showed elements composition of LiCoO2 samples 
using EDX. The presence of Li element cannot be identified from the spectrum. This is due to the limited 
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ability of EDX that could not detect elements with atom weight under 6 U. Figure 1b also showed 
spectrums from other elements, such as O, Co, Cu and Au. The appearance of Cu and Au elements was 
caused by sample holder material and coating material that were made of Cooper and Aurums. 
 
(a) (b) 
Element (keV) Mass% Error% Atom% K 
  O   K  0.525 32.36 0.09 66.97 37.7917 
Co   K  6.924 53.31 0.27 29.95 51.9825 
Cu   K  8.040 1.90 0.46 0.99 1.7121 
Au   K  2.121 12.43 0.30 2.09 8.5136 
Total  100.00  100.00  
Fig. 1. Nanoparticles LiCoO2 (a) SEM micrographs; (b) EDS spectrum and quantitative element analysis 
The addition of PVDF for 5, 10, 15 and 20% v/v each to LiCoO2 nanoparticles is shown on Figure 2.  
Micrographs of LiCoO2-x% PVDF (x = 5, 10, 15, 20% v/v) by SEM observation Figure 2a showed the 
formation of LiCoO2 particles bound to PVDF. It is shown by could form appearance covered the gap 
between LiCoO2 particles. The higher concentration of PVDF, the darker micrograph appearance of 
LiCoO2-x% PVDF would be. In other words, the greyish color represents PVDF binding the LiCoO2 
particles. 
Figures 3a-e showed the XRD diffraction pattern of LiCoO2 nanoparticles and LiCoO2 + x% PVDF, 
each for (a) LiCoO2 nanoparticle powder, (b) LiCoO2 + 5% v/v PVDF, (c) LiCoO2 + 10% v/v PVDF, (d) 
LiCoO2 + 15% v/v PVDF, (e) LiCoO2 + 20% v/v PVDF. The diffraction pattern showed no significant 
change, which was shown by asterisk marker (x) on X-ray diffraction pattern. The X-ray was 
characteristic peak of LiCoO2 hexagonal structure. It was detected on LiCoO2 nanoparticle powder and 
LiCoO2 + x% v/v PVDF. The diffraction peak of PVDF was also detected. The X-ray diffraction 
characteristic by PVDF was recognised by relatively higher baseline (Figure 3f) compared to LiCoO2 
diffraction peak baseline.  Hence, the addition of PVDF on LiCoO2 did not affect the shape and crystalline 
characteristic of  LiCoO2. 
Impendency spectrums on 1 volt (Figure 4) showed that on high frequency area, the spectrums 
represented the resistance of inter electro particles (ion migration) penetrating the passive and polymer 
layers.  The durability of LiCoO2 + PVDF 10% on high frequency was lower than Li CoO2 particles. As 
for the other LiCoO2/PVDF (x > 10% v/v PVDF), their durability was higher than LiCoO2 nanoparticles. 
The resistance of intermediate frequency, as shown in curve on Figure 4, represented the LiCoO2 
capacitance charging process.  It showed a very significant capacitance change for every x% v/v PVDF 
added. Figure 4 showed the order of capacitance values of LiCoO2/PVDF as following: LiCoO2 
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nanoparticles < LiCoO2 + 10% PVDF < LiCoO2 + 15% PVDF < LiCoO2 + 5%PVDF < LiCoO2 + 20% 
PVDF. This result showed that 10% v/v PVDF in LiCoO2 could reduce resistance and parallel 
capacitance. 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Fig. 2. SEM micrographs of LiCoO2 + x PVDF; (a) x = 5% w/w; (b) x = 10% w/w; (c) x= 15% w/w; (d) x = 20% w/w. 
 
 
Fig. 3. XRD patterns of LiCoO2/PVDF; (a) nanopartikels LiCoO2; (b) LiCoO2 + 5% PVDF; (c) LiCoO2 + 10% PVDF; (d) LiCoO2 + 
5% PVDF; (e) LiCoO2 + 20% PVDF; (f) pattern of PVDF 
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Fig. 4. The impedance spectra of the LiCoO2 + x% v/v PVDF, (LiCoO2/PVDF) 
4. Conclusion 
The LiCoO2 nanoparticle that had been synthesized using milling technique followed by ultrasonic 
technique and added with x% PVDF as additive showed that it was able to bind LiCoO2 particles, then 
inter-particle void could be vanished. The addition of PVDF to LiCoO2 nanoparticles did not make any 
changes to crystalline structure of LiCoO2. The addition of 10% v/v PVDF to LiCoO2 can reduce the 
resistance and parallel capacitance. Therefore, the LiCoO2 + 10% v/v PVDF composition could be a good 
candidate for cathode materials of chargeable lithium battery. 
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